Abstract -A procedure is provided for decomposing the linear field of flat pulsed wave annular arrays into an equivalent set of known limited diffraction Bessel beams. Each Bessel beam propagates with known characteristics, enabling good insight into the propagation of annular fields to be obtained. Numerical examples are given in the context of a 10-ring annular array operating at a central frequency of 2.5MHz in water. 
I INTRODUCTION
This article describes a method for decomposing the field of flat pulsed wave (PW) annular arrays into a set of known Jo Bessel beam [l, 21 subfields by using a 1D
Fourier-Bessel series. In [3] the continuous wave (CW) case was considered, and this paper extends it to the PW case. The technique generates a straightforward numerical tool for obtaining and insight into the propagation of annular PW fields. See [4, 31 for more detailed background information on the technique and [5,6,7, 3, 81 for information on Bessel beams.
I1 PW ANNULAR ARRAYS
Consider a flat annular N-ring PW array of radius R with surface pressure q(r, t), spatially quantised in the radial T direction due to the ring structure. This leads to N stepwise-constant ring pressures qp(t), where p = 1, . . . , N is the ring number and p = 1 for the inner ring with p = N for the outer ring. Assume also a sampled pulsed system, enabling representation by the discrete Fourier sum q p ( t d ) = CyZo Qp(ws) 
I11 LIMITED DIFFRACTION BESSEL BEAMS
Annular arrays have circular symmetry propagation which, in the lossless linear case, is dictated by the wave equation
[:: (G) 622 a2 G a t 2 "I where f ( T , z , t) is the scalar field value, T is the radial distance from the cylindrical centerline, and z is the outward propagation distance perpendicular to the transducer surface. The transducer sits in the z = 0 plane, centered around T = 0, and in a medium with speed of sound c (assumed real). Then equation (3) Notice that for ,Bi(ws) > a i the wave becomes evanescent in the z direction, whereas for all ,&(ws) 5 ai the wave propagates nonevanescently. In this latter case, the beams have been shown to propagate similarly to those of an axicon transducer [l, 21 with axicon angle [ i ( w s ) and depth of field DOFi (us) given by
The key idea in this paper is therefore to model the quantised surface pressure of the transducer by a weighted set of Bessel functions with different a i parameters, since each Bessel function then corresponds to a limited diffraction Bessel beam with known propagation characteristics. The immediate question however is how to 
VI1 CONCLUSIONS
A method has been given for finding the linear emitted field of flat annular arrays in terms of a set of known limited diffraction subfields. The technique is numerically straightforward and gives a helpful insight into the propagation of annular fields. Extension to non-annular arrays is possible by including higher order Bessel terms.
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